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[57] ABSTRACT

A hydraulic mount assembly includes a pair of mount-
ing members and a first resilient body member and a
second resilient body member connected thereto, each
body member preferably being substantially bell shaped
and forming a cavity. The two body members are con-
nected with the cavities facing each other and separated
by an orifice plate to form a closed chamber. A decou-
pler is mounted in the plate to provide the desired
damping action. The body members are preferably
molded of elastomeric material, such as rubber, with the
first wall portion of the first body exhibiting relatively
high stiffness, a second wall portion exhibiting rela-
tively low stiffness and the second body including a
third wall portion exhibiting relatively intermediate
stiffness. Preferably, the ratio of the three stiffness rat-
ings is 2:0.25:1. In operation, under dynamic loading,
the stiff portion of the first body does not allow any
dimension change in the longitudinal direction. Conse-
quently, the relatively less stiff second body is caused to
stretch or bulge under tensile or compressive loading,
respectively. As this occurs, the volume of the second
cavity is decreased or increased accordingly causing the
appropriate exchange of fluid between the cavities
through the orifice. The second portion of the first body
accomodates this exchange by flexing inwardly or bulg-
ing outwardly depending on the decrease or increase of
hydraulic fluid in that cavity.

4 Claims, 2 Drawing Sheets



U.S. Patent  May 24, 1988 Sheet 1 of 2 4,746,104




U.S. Patent  May 24, 1988

Sheet 2 of 2 4,746,104

14 \\ y
10
N
e
4
2 WLy FIG.4
\ 28 ® :
) ‘ ! ¥ \ 1]
- 38 18
4 \ 12

21 B 20
34ngv ‘

20
) 2 /
35 .
% % 18 TR 34 “
NG R
e
c c G
12



4,746,104

1
HYDRAULIC EXHAUST PIPE HANGER MOUNT

TECHNICAL FIELD

The present invention relates generally to hydraulic
mount assemblies and, more particularly, to a mount
assembly of simple, low cost construction that provides
improved damping performance and operating charac-
teristics.

BACKGROUND OF THE INVENTION

A number of recent advances have led to increased
utilization of hydraulic mount assemblies to support
internal combustion engines in motor vehicles. The
assemblies normally include two mounting members
connected together by an elastomeric body. A damping
chamber filled with liquid is formed in this body. An
orifice plate divides this chamber into two cavities. The
first cavity is formed between the orifice plate and the
elastomeric body. The second cavity is formed between
the orifice plate and a separate expandable diaphragm
received within a base member of one of the mounting
members.

Engine and/or road vibrations at prescribed frequen-
cies and amplitudes that are transmitted to the mount
assembly cause the elastomeric body to alternatively
compress and stretch. This causes a change of volume in
the first cavity. As the first cavity decreases in volume
on compression of the assembly, the damping liquid that
fills the cavity is forced through the restricted orifice
into the second cavity thereby causing the diaphragm to
expand. Upon reversal of the vibration input force, the
assembly stretches longitudinally and the first cavity
increases in volume. As a result, damping liquid flows
back through the restricted orifice into the first cavity,
thus causing the diaphragm to contract. This two-step
process completes the damping cycle.

Where variable damping is desired (such as high
damping at large amplitudes, and no damping at small
amplitudes) a decoupler is provided in the orifice plate
between the cavities (see, for example, copending com-
monly assigned U.S. patent application Ser. No.
785,243, filed Oct. 7, 1985 entitled Hydraulic-Elastom-
eric Mount Displacement Decoupler and now U.S. Pat.
No. 4,664,363). The decoupler effects a volume dis-
placement in the cavities so that no fluid flows through
the restricted orifice at the prescribed low amplitude
levels.

By varying the size and shape of the decoupler and-
/or the orifice in the decoupler, the engine mount as-
sembly can be tuned so that the hydraulic damping
effects a better match to the particular vibrations antici-
pated. This passive tuning of the mount assembly sub-
stantially increases its usefulness and overall effective-
ness. To provide additional efficiency in controlling
vibrations under an even greater range of conditions, a
more recent development provides for active, infinitely
variable control (see copending commonly assigned
U.S. patent application Ser. No. 929,328 filed Nov. 10,
1986, entitled Variable Hydraulic Elastomeric Mount
Assembly). For the engine, which is the main vibration
inducing component of the vehicle, the selection of one
of these prior art mount assemblies, that is, with or
without active control, is the optimum choice.

On the other hand, there are other auxiliary systems
or components of the vehicle that also call for vibration
isolation if the smoothest and quietest ride is to be ob-
tained. One approach is to provide a completely rede-
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signed hydraulic mount that relies on the exchange of
liquid through variable size orifices between substan-
tially concentric chambers (see commonly assigned
U.S. patent application Ser. No. 875,187, filed June 17,
1986, entitled Hydraulic Mount). While this prior ap-
proach is generally successful for auxiliary equipment,
there is technical evidence available that utilizing a
design with dual cavities separated by an orifice plate,
similar to the basic design used by the engine mounts,
would be particularly advantageous.

However, research has proven that the engine mount
assemblies are not suitable for these smaller compo-
nents, such as the muffler and tail pipe, for several rea-
sons. First, the amplitude and frequency range to be
damped varies sufficiently to substantially preclude
simple adaptation of these prior devices. Secondly, in
the case of an exhaust system, a hanger rather than a
base type support is better suited to the overall engi-
neering needs to the vehicle. Also, in addition to involv-
ing a different dynamic range, there is substantially less
weight to be supported. Thus, the mount for auxiliary
systems or components calls for a different, but similar,
basic design, and advantageously one that is simpler and
more economical to manufacture.

SUMMARY OF THE INVENTION

A primary object of the invention is to provide a
hydraulic mount assembly of simple, low cost construc-
tion particularly adapted for use with auxiliary equip-
ment on a motor vehicle.

Another object of the present invention is to provide
a hydraulic mount assembly that utilizes a design similar
to the engine mount, but is constructed and passively
tuned to provide maximum damping effects at the par-
ticular vibration frequencies and amplitudes of auxiliary
equipment, so as to produce improved performance and
operating characteristics.

Still another object of the present invention is to
provide a new and improved hydraulic mount assembly
with simplified structure and dynamic rate and damping
characteristics optimized to support and position an
exhaust system relative to a motor vehicle body, and
thereby reduce the transfer of noise and vibration from
the exhaust system to the passenger compartment.

Additional objects, advantages and other novel fea-
tures of the invention will be set forth in part in the
description that follows and in part will become appar-
ent to those skilled in the art upon examination of the
following or may be learned with the practice of the
invention. The objects and advantages of the invention
may be realized and attained by means of the instrumen-
talities and combinations particularly pointed out in the
appended claims.

To achieve the foregoing and other objects, and in
accordance with the purposes of the present invention
as described herein, an improved hydraulic mount as-
sembly is provided for supporting an exhaust system of
a motor vehicle. The assembly is of a hanger-type and
includes a pair of mounting members. The mounting
members are connected by conventional means, includ-
ing metal brackets and bolts, to the exhaust system and
the underside of the motor vehicle. A hollow resilient
or elastomeric body connects the mounting members
and forms a closed chamber that is filled with damping
liquid. This resilient body is formed by two molded
body members that are joined together. An orifice
plate, disposed between the body members, divides the
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chamber into first and second communicating cavities.
The first cavity is formed between the orifice plate and
the first body member defined by alternating first wall
portions of relatively high stiffness and second wall
portions of relatively low stiffness. The second cavity is
formed between the orifice plate and the second body
member that includes a third wall portion of relatively
intermediate stiffness.

The mount assembly is dynamically loaded by recip-
rocal movement of the exhaust system relative to the
vehicle body. The stiff portion of the first body prevents
any dimension change in the first body member in the
longitudinal direction. Consequently, the second body
portion of relatively intermediate stiffness is caused to
stretch under tensile loading and bulge under compres-
sive loading, respectively. As this occurs, the volume of
the second cavity is decreased or increased. This
change in volume causes an appropriate exchange of
fluid between the cavities through a restricted orifice in
the orifice plate. The second wall portion of the first
body member accommodates this exchange of fluid by
flexing inwardly or bulging outwardly depending on
the decrease or increase of hydraulic fluid in the first
cavity. In this way the hydraulic mount assembly ad-
vantageously effects a level of damping best suited to
isolate vibrations of an exhaust system from the passen-
ger compartment of a motor vehicle.

In accordance with a further aspect of the present
=-invention, the assembly may also include a decoupler
mounted for reciprocal movement in the orifice plate
- within the damping liquid chamber. This movement

.. preempts fluid flow between the cavities for small am-

. plitude vibrations so that the assembly produces little or
no damping effects at these levels. At large amplitudes
the decoupler travels to its fullest extent and becomes
. seated against the orifice plate. Fluid flow is then pro-

v~ duced through the orifice between the cavities so as to

.- effect the desired fluid damping. Passive tuning of the
«..damping is achieved by proper selection of the size and
.~shape of the decoupler and/or the orifice in the decou-
-.pler. In this way, the mount assembly can be matched to
particular vibration patterns anticipated for particular
exhaust system and motor vehicle body combination.
Thus, an overall smoother and quieter ride may be
provided.

In order to provide further passive tuning, the resil-
ient characteristic or stiffness of the wall portions of the
hollow resilient body may be varied relative to each
other. For vibration isolation and noise suppression of
an exhaust system, it has thus far been found that the
preferred ratio of the stiffness of the first, second and
third wall portions of the resilient body is approxi-
mately 2:0.25:1. It should be appreciated that where
tuning for stiffer qualities and increased damping char-
acteristics for accommodating vibration of increased
amplitude, the stiffness of the second wall portion is
increased, usually by simply increasing the thickness. Of
course, where less damping is required, the thickness of
the second wall portions may be decreased to make
them more flexible. In this way, vibrations are absorbed
by a mount assembly exhibiting softer characteristics.

Still other objects of the present invention will be-
come readily apparent to those skilled in this art from
the following description wherein there is shown and
described a preferred embodiment of this invention
simply by way of illustration of one of the modes best
suited to carry out the invention. As will be realized, the
invention is capable of other different embodiments,
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and its several details are capable of modifications in
various, obvious aspects all without departing from the
invention. Accordingly, the drawings and descriptions
will be regarded as illustrative in nature and not as
restrictive.

BRIEF DESCRIPTION OF THE DRAWING

The accompanying drawing incorporated in and
forming a part of this specification, illustrates several
aspects of the present invention, and together with the
description serves to explain the principles of the inven-
tion. In the drawing:

FIG. 1 is a cutaway perspective view showing the
hydraulic mount assembly of the present invention used
for mounting an exhaust system to a motor vehicle
body;

FIG. 2 is an exploded longitudinal cross-sectional
view of the hydraulic mount assembly shown in FIG. 1;

FIG. 3 is a longitudinal cross-sectional view of a
hydraulic mount assembly of the present invention at
rest;

FIG. 4 is a transverse cross-sectional view through
the second resilient body member of the hydraulic
mount assembly;

FIG. § is a longitudinal cross-sectional view similar
to FIG. 3, but with the hydraulic mount assembly ro-
tated 45° relative to FIG. 3, in order to show the cross
section through the second wall portion of the first
resilient body member;

FIG. 6 is a transverse cross-sectional view through
the first resilient body member showing the relative
thicknesses of the first and second wall portion;

FIG. 7 is a longitudinal cross-sectional view of the
hydraulic mount assembly undergoing tensile loading;
and

FIG. 8 is a longitudinal cross-sectional view of the
assembly undergoing compressive loading.

Reference will now be made in detail to the present
preferred embodiment of the invention, an example of
which is illustrated in the accompanying drawing.

DETAILED DESCRIPTION OF THE
INVENTION

Reference is now made to FIG. 1 showing an im-
proved hydraulic mount assembly 10 for supporting and
positioning an exhaust system E relative to a motor
vehicle body or frame B. The assembly 10 comprises
first and second mounting members 12, 14. As shown in
FIG. 1, these mounting members 12, 14 are mounted to
the exhaust system E and the vehicle body B, respec-
tively, by bolts 15 in a conventional manner. A hollow
resilient body, generally designated by reference nu-
meral 16, connects the mounting members 12, 14. The
body 16 includes a first or lower resilient body member
18 and a second or upper resilient body member 20.
Each body member 18, 20 is substantially bell shaped.
Thus, the body member 18 includes a first cavity 22 and
the second body member 20 includes a second cavity
24,

The body members 18, 20 are connected or joined
together in sealing relation with the cavities 22, 24 fac-
ing each other and separated by an orifice plate 26.
Preferably, the joining is completed with the body
members 18, 20 submerged in a damping liquid, such as
commercial antifreeze, so that the resulting closed
chamber formed by the two cavities 22, 24 is completely
filled with damping liquid.
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The integrity of the seal between the body members
18, 20 is assured by circular mild steel inserts 28 embed-
ded in and projecting from the members adjacent the
edge of attachment. Specifically, the inserts 28 serve to
rigidify the members in the attachment area. The body
members 18, 20 are brought together in compression
with the orifice plate 26 disposed therebetween and an
extended ring portion 30 of one of the inserts 28 is me-
chanically deformed or crimped around the exposed
portion of the other insert. Molded rubber ribs 32 posi-
tioned between each of the inserts 28 and the orifice
plate 26 engage the orifice plate and act as O-rings to
positively seal against fluid leakage.

The hydraulic mount assembly 10 is provided with
variable damping through the provision of a decoupler
34. As is known, the decoupler 34 is positioned for
reciprocal movement between the two cavities 22, 24 in
the orifice plate 26. By varying the size and shape of the
decoupler and/or the orifice 35 in the decoupler, the
dynamic characteristics of the mount assembly 10 may
be tuned so as to match the particular vibrations antici-
pated for a given application. Thus, when the exhaust
system E reciprocates relative to the vehicle body B,
the mount assembly 10 operates to effect high damping
at high amplitudes and relatively low or no damping at
low amplitudes. In this way, the mount assembly 10
produces the desired damping effects found best suited
to isolate exhaust system vibrations from the passenger
compartment of a motor vehicle.

While hydraulic mount assemblies of the type to
isolate engine vibrations have generally required a sepa-
rate diaphragm to control the expansion or contraction
of a cavity, and thereby the damping liquid flow and
damping effects of the mount, this requirement is elimi-
nated with the simple construction of the present inven-
tion. More specifically, as shown in FIGS. 3-6, the first
resilient body member 18 includes first, relatively thick
wall portions 36, 36’ of high stiffness, and second, rela-
tively thin wall portions 38 of low stiffness. As shown,
the first wall portions essentially comprise thickened
ribs with the second wall portions of substantially tri-
angular shape extending therebetween (see also FIG. 1).
Thus, the first and second wall portions 36, 38 and 36’
alternate around the body member 8.

The second body member 20 includes third wall por-
tions of a substantially intermediate thickness and stiff-
ness. As shown in FIGS. 4 and 6, the first wall portions
36 are substantially twice as thick (2T) and stiff as the
third wall portions of the second body member 20 (T).
Further, the first wall portions 36 are substantially eight
times as thick and stiff as the second wall portions 38
(37T) formed between and interconnecting the thickened
ribs. Thus, the ratio of the thicknesses of the first, sec-
ond and third wall portions is substantially 2:0.25:1. It
has been found that this ratio produces the desired dy-
namic characteristics for a mount assembly 10 utilized
in isolating exhaust system vibrations and suppressing
exhaust system noises from the passenger compartment
of a vehicle.

. The operation of the mount assembly 10 of the pres-
ent invention is best shown in FIGS. 7 and 8. Tensile
loading of the assembly 10 is produced by relative
movement of the exhaust system E away from the vehi-
cle body B, as shown by the action arrow A (see also
FIG. 1). The first wall portions or thickened ribs 36 are
of sufficiently high stiffness to prevent a dimensional
change of the first body member 18 in the longitudinal
direction in response to this loading. As a result, the
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tensile loading only causes stretching of the second
body member 20 having wall portions of only interme- -
diate stiffness.

As the second body member stretches, the volume of
the second cavity 24 increases. The initial increases in
the volume of the cavity 24 cause the decoupler 34 to
move towards the position shown in FIG. 7. This up-
ward movement or displacement of the decoupler 34
serves to fill the increased volume of the cavity 24 and
simultaneously preempt damping liquid flow through
the orifice 35. Thus at low amplitude vibration, the
mount assembly 10 provides little or no damping.

Where sufficiently high amplitude vibrations are ex-
perienced, the decoupler 34 shifts upwardly toward the
cavity 24 to its fullest extent and becomes seated against
the orifice plate 26, as shown in FIG. 7. Further tensile
loading of the mount above this level results in damping
liquid flow being generated through the restricted ori-
fice 35 from the first cavity 22 into the second cavity 24
(see flow action arrows B). This flow of hydraulic fluid
is accommodated by an equal reduction in the volume
of first cavity 22 through an inward flexing (note flex
action arrows C) of the second, relatively thin body
wall portions 38 of the first body member 18.

Upon reversal of the vibration force and movement
of the exhaust system E toward the vehicle body B (see
action arrow D in FIGS. 1 and 8), the mount assembly
10 is placed in compression loading. Once again, the
thickened ribs 36 of the first body member 18 are of
sufficiently high stiffness to prevent dimensional
changes of the body member in the longitudinal direc-
tion. As a result, this compression loading only causes
compression of the second body member 20.

As the second body member 20 compresses, the vol-
ume in the second cavity 24 decreases. Initial decreases
in the volume of the cavity 24 cause the decoupler 34 to
shift from the position shown in FIGS. 5 or 7 toward
the position shown in FIG. 8. This displacement of the
decoupler 34 preempts damping liquid flow through the
orifice into the first cavity 22. Thus, as with tensile
loading, in compression loading at low amplitude the
mount assembly 10 again provides little or no damping.

Where sufficiently high amplitude vibrations are ex-
perienced, however, the decoupler 34 shifts down-
wardly to become seated against the orifice plate 26,
and from this point on, further compression loading
results in damping liquid flow being generated from the
second cavity 24 through the restricted orifice 35 into
the first cavity 22 as shown by flow action arrows F.
The volume of the first cavity 22 must increase to ac-
commodate this flow of fluid. This volume increase is
achieved by outward flexing or bulging of the second
relatively thin body wall portions 38 of the first body
member 18 (see flex action arrows G).

Thus, it should be appreciated that the second body
wall portions 38 of the resilient body 16 act as integral
diaphragms accommodating the exchange of damping
fluid between the cavities 22, 24 that creates the desired
damping effect. Advantageously, these relatively thin
second body wall portions 38 are inexpensively con-
structed by simply molding the body member 18 as a
single rubber piece.

By selecting the stiffness of the wall portions 38 to be
a particular value, the mount assembly can be effec-
tively tuned. That is, the thickness of the relatively thin
second body wall portions 38 may be adjusted during
the molding process to provide the mount assembly 10
with desired dynamic rate and damping characteristics
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so as to optimize the properties of the mount for a par-
ticular application.

In summary, numerous benefits have been described
which result from employing the concepts of the pres-
ent invention. The hydraulic mount assembly 10 in-
cludes a resilient, elastomeric body 16 formed from two
body members 18, 20 having wall portions of differen-

tial thicknesses. The thin wall portions 38 between stiff
thickened ribs 36 flex in and out as the body 16 is loaded

and resulting from the stretching or compressing of the
body member 20. The volume increase or decreases,
respectively, in the cavity 24 promotes damping liquid
flow past the orifice plate 26 through the decoupler
orifice 35. Advantageously, the relatively thin- wall
portions 38 molded integrally into the body member 18
eliminate the need for a separate diaphragm. As a result,
the mount assembly 16 of the present invention is com-
prised of fewer parts and is less expensive to both pro-
duce and assemble. Any problems of seal integrity
around the separate diaphragm utilized in prior art
mounting assemblies is inherently eliminated. A highly
efficient mount assembly 10 for hanging of the exhaust
component E is thus provided.

The foregoing description of a preferred embodiment
of the invention has been presented for purposes of
illustration and description. It is not intended to be
exhaustive or to limit the invention to the precise form
disclosed. Obvious modifications or variations are possi-
ble in light of the above teachings. For example, the
variations possible in the selected ratios of wall thick-
nesses, for damping adjustment are virtually infinite,
and exact passive tuning of the mount assembly 16 is

thus possible. In addition to a change in the thickness of

the wall portion 38, a thickness change can be made in
the wall portion of the body member 20 with similar
tuning results. Also, the flexibility or resiliency of the
wall portions may be varied by use of inserts having
disparate stiffness characteristics. To add further rigid-
ity to the ribs 36, the inserts 28 may be extended up to
the mounting member 12. Thus, it should be understood
that the preferred embodiment was chosen and de-
scribed to simply provide the best illustration of the
principles of the invention and its practical application
to thereby enable one of ordinary skill in the art of
utilize the invention in various embodiments and with
various modifications as are suited to the particular use
contemplated. All such modifications and variations are
within the scope of the invention as determined by the
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appended claims when interpreted in accordance with
the breadth to which they are fairly, legally and equita-
bly entitled.

I claim:

1. A hydraulic mount assembly, comprising:

first and second mounting members;

a first resilient body member connected to said first
mounting member, said first resilient body member
including a first wall portion of relatively high
stiffness and a second wall portion of relatively low
stiffness;

a second resilient body member connected to said
second mounting member, said second resilient
body member having a third wall portion of rela-
tively intermediate stiffness and being connected to
said first resilient body member so as to form a
closed chamber that is filled with damping liquid;

and an orifice plate dividing said chamber into two
communicating cavities to effect damping, a first
cavity being formed between said first resilient
body member and said orifice plate and a second
cavity being formed between said second resilient
body member and said plate; the ratio of the stiff-
ness of the first, second and third wall portions is
approximately 2:0.25:1; tensile loading of said
mount assembly causing said third wall portion of
said resilient body to stretch and produce an in-
crease in volume in said second cavity causing
damping liquid to flow from said first cavity into
said second cavity, and the second wall portion to
flex inwardly to accommodate the flow of liquid;
compressive loading of said mount assembly caus-
ing said third wall portion of said resilient body to
bulge and produce a decrease in volume of said
second cavity causing damping liquid to flow from
said second cavity into said first cavity and the
second wall portion to flex outwardly to accommo-
date the flow of liquid.

2. The hydraulic mount assembly of claim 1, wherein
said first and second body members are substantially
bell-shaped, said first and second wall portions alternat-
ing around said first resilient body member.

3. The hydraulic mount assembly of claim 2, wherein
said first wall portions comprise thickened ribs.

4. The hydraulic mount assembly of claim 3, wherein
said second wall portions are substantially triangular

extending between said ribs.
* * * * *



